Our phytochemical studies on the root bark extracts of Mesua ferrea have led to the isolation of two new pyranoxanthones, mesuaferrin A (1) and mesuaferrin B (2). Five other compounds -caloxanthone C (3), 1,8-dihydro-3-methoxy-6-methylanthraquinone (4), β-sitosterol (5), friedelin (6) and betulinic acid (7) -were also successfully isolated. Structural elucidations of these compounds were achieved using 1D and 2D NMR and MS techniques.
Introduction
Mesua ferrea (Clusiaceae) is a large evergreen tree, usually found growing in evergreen tropical to semi-tropical forests. It is used in folk medicine for the treatment of fevers, dyspepsis and renal diseases [1] . Some phytochemical investigations on secondary metabolites from Mesua sp. have revealed the existence of xanthones, coumarins, biflavonoids and triterpenoids [2, 3] . Our ongoing research on Mesua ferrea has now identified two new pyranoxanthones -mesuaferrin A (1) and mesuaferrin B (2) -in the root bark of Mesua ferrea ( Figure 1 ). We report here the isolation and structural elucidation of these two new compounds. Betulinic acid (7)
Results and Discussion
The new compound, mesuaferrin A (1) which is a yellowish crystalline material with melting point of 180-181 °C was isolated from the hexane extract of Mesua ferrea. The EIMS spectrum gave a molecular ion ( and COSY spectra of compound 2 indicated the presence of two pyrano rings flanking the main xanthone skeleton. This is in contrast to compound 1 which carries only one pyrano ring. The two pyrano rings were rightfully assigned and shown to be attached to C-3, C-4 and C-6, C-7 by HMBC correlations between these carbons and the two pairs of cis olefinic hydrogens. H-2' (δ 5.59) gave a 3 J correlation with C-3 (δ 104.9) while H-1' (δ 6.72) correlated to C-4 (δ 160.6) via a 3 J correlation. This positions the first pyrano ring at C-3 and C-4. The second pyrano ring, on the other hand was deduced to be attached to C-6 and C-7 by evidence of H-1" and H-2" showing 3 J correlations to C-6 (δ 144.8)
and C-7 (δ 117.9) respectively (see Figure 3 ). The two aliphatic methyls at δ 1.47 (C-4' and C-5') gave 2 J and 3 J connectivities to δ 78.3 (C-3') and δ 127.6 (C-2'). Also, long-range correlations between the pair of cis olefinic protons at δ 6.72 and 5.59 (H-1' and H-2') and the quaternary carbon at δ 78.3 (C-3') was observed. Similarly, the HMBC spectra demonstrated the correlations between δ 1.53 (H-4" and H-5") to δ 79.0 (C-3") while the two cis olefinic protons H-1" and H-2" (δ 6.43 and 5.73) gave cross peaks to δ 79.0 (C-3"). In addition, two lone aromatic protons (δ 6.42, 1H, s and δ 7.47, 1H, s), a free hydroxy group (δ 5.58, 1H, s) and a chelated hydroxy group (δ 13.11, 1H, s) were also observed in compound 2. These protons were assigned using their HMBC correlations as shown in Figure 3 . The free hydroxyl group signal at δ 5.58 has connectivity with δ 132.2 and 145.2 in the HMBC spectrum. The latter signal was assigned at C-5a as it was correlated to the aromatic proton at δ 7.47. Therefore, δ 5.52 and δ 132.2 were assigned as H-5 and C-5. Further analysis of HMQC and HMBC spectra implied the aromatic proton at δ 6.42 has 1 J connectivity with δ 95.4 and long-range correlation with δ 160.6 (C-4). As a result, δ 95.4 was assigned to C-2.
Hence, the structure of compound 2 was elucidated to be 1,5-dihydroxy-6',6'-dimethylpyrano-[2',3':4,3]-6",6"-dimethylpyrano-[2",3":6,7]-xanthone and named mesuaferrin B. The NMR data of this compound are summarized in Table 1 .
The known compounds caloxanthone C (3), friedelin (6) and β-sitosterol (5) were isolated from the hexane extract and 1,8-dihydro-3-methoxy-6-methylanthraquinone (4) and betulinic acid (7) were isolated from the dichloromethane extract and identified by comparison of their spectral data with literature values, as indicated in the Experimental.
Experimental

General
Infrared spectra were measured using the universal attenuated total reflection (UATR) technique on a Perkin-Elmer 100 Series FT-IR spectrometer. EIMS were recorded on a Shimadzu GCMS-QP5050A spectrometer. NMR spectra were obtained using a Unity JEOL 500 MHz FTNMR spectrometer using CDCl 3 as solvent and tetramethylsilane (TMS) as internal standard. Ultraviolet spectra were recorded in EtOH on a Shimadzu UV-160A, UV-Visible Recording Spectrophotometer.
Plant Material
The root bark of Mesua ferrea was collected from the Sri Aman district in Sarawak, Malaysia. The plant material was identified by Associate Professor Dr Rusea Go, Biology Department, Faculty of Science, Universiti Putra Malaysia.
Extraction and Isolation
The three kg of air-dried powdered sample was extracted successively with n-hexane and dichloromethane (5 L, 48 h). The extracts were dried under reduced pressure using a rotary evaporator to yield hexane (49.6 g) and dichloromethane (19.5 g) extracts. Each of these extracts was chromatographed over a silica gel column using a stepwise gradient system (hexane/chloroform, chloroform/ethyl acetate, and ethyl acetate/methanol). The column chromatography of the hexane extract gave mesuaferrin A (1, 20 mg), caloxanthone C (3, 25 mg), friedelin (6, 15 mg) and β-sitosterol (5, 24 mg), while the dichloromethane extract gave mesuaferrin B (2, 22 mg), 1,8-dihydro-3-methoxy-6-methyl-anthraquinone (4, 5 mg) and betulinic acid (7, 12 mg) Friedelin (6): White needles, m.p. 245-246 °C (lit. [7] 260-263 °C). Spectral data agreed with the literature [7] .
Spectral Data
Betulinic acid (7): White solid, m.p. 290-291 °C (lit. [8] 291-292 °C). Spectral data were consistent with published data [9, 10] .
Conclusions
Two new pyranoxanthones-mesuaferrin A (1) and mesuaferrin B (2)-were isolated from the root bark of Mesua ferrea. along with one other xanthone, one anthraquinone, and three triterpenes. This is the first report on the phytochemistry of the root bark of Mesua ferrea and the data reported here should contribute to the database of the chemistry of Mesua species.
